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CC BY-NC-ND license (http://creativeBackground: Pediatricians ubiquitously rely on urine analysis for diagnosing urinary tract infec-
tion (UTI) in young febrile children due to discrepancies in symptom presentation. This study
aimed to identify the determinants of physical examination and personal history for diagnosing
UTI.
Methods: Four hundred and ten patients aged between 3 months and 2 years presenting with a
tympanic temperature of >38C for >24 hours were requested to undergo urinary tests. Pedi-
atricians completed patient record charts before the test results were generated, examined
the final results of the tests, and compared the results with those reported in the medical re-
cords. Multivariate logistic regression analysis was performed to detect potential confounding
factors.
Results: An age of <1 year [odds ratio (OR): 5.05; p < 0.01], female sex (OR: 2.117; p < 0.05),
and the absence of throat redness (OR: 1.907; p < 0.05) were risk factors for UTI. Patients
defecating 3 times/day (OR: 8.80; p < 0.05) were more likely to have pyuria than those
who defecated >3 times/day.t of Pediatric Pulmonology and Critical Care, Changhua Christian Children Hospital, Number 320,
a County 500, Taiwan, ROC.
(M.-S. Lee).
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Urinary tract infections in children 275Conclusion: For febrile patients in the age group examined, the absence of throat redness and
female sex were independent predictors of UTI. Moreover, the risk of UTI was higher in younger
patients.
Copyright ª 2016, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Urinary tract infection (UTI) is prevalent in febrile pa-
tients aged between 3 months and 2 years, and routine
urinary tests in addition to culturing methods are required
for confirmation of UTI. Considering the numbers of
febrile children, it is crucial for pediatricians to identify
the medical record data and physical examinations that
enable early determination of UTI. In contrast to adults,
children of the age group examined do not generally
report symptoms clearly. Therefore, medical staff gener-
ally use urine bags or urethral catheterization for urine
collection.1,2 Most previous studies on UTI symptoms in
children with documented UTI were retrospective. The
reported risk factors for UTI in boys and girls were as
follows: a fever >39C, a history of UTI, and no alternative
infection sources. In boys, being uncircumcised, belonging
to nonblack ethnic groups, or a fever lasting >1 day were
considered risk factors. For girls, being Caucasian or
having a fever for >2 days were the reported risk fac-
tors.3,4 The aforementioned risk factors were inferred
from medical histories, but not physical examinations,
thus neglecting the observations of pediatricians. We
aimed to objectively investigate signs and symptoms of
UTI in febrile children aged between 3 months and 2 years
by blinding pediatricians to the urinary test results of
patients.
2. Methods
2.1. Patients and procedures
This study was approved by the Institutional Review Board
of Changhua Christian Hospital. Pediatricians with
>7 years of experience at the emergency departments and
outpatient clinics of Changhua Christian Hospital and Yuan
Sheng Hospital participated in this study. We enrolled
children aged between 3 months and 2 years, who pre-
sented with a tympanic temperature >38C, were sus-
pected of UTI, and underwent urine tests. Pediatricians
were instructed to complete the patient record charts
before assessing patient urinary test results. Patients who
were not referred by physicians to undergo urinary tests or
whose families did not agree to participate in this study
were excluded. Patients with cerebral palsy, suspected
genetic abnormalities, or those who had received a long-
term antibiotic treatment were also excluded from this
study. The medical chart records were used as predictors
of urinary infections.2.2. Record charts
The record chart was divided into two parts. The first part
included a record of the patient medical history, including
symptoms reported by patients or their parents, history of
UTIs, previous clinical consultation, whether patients were
circumcised, whether they attended a childcare center, and
whether any family member presented newly developed
infection symptoms. The highest temperatures reported by
family members or tympanic temperatures measured in
emergency departments were recorded as the highest fever
temperature. We defined a tympanic temperature of >38C
as a fever. Moreover, a fever that persisted for 24 hours was
considered a 1-day fever. Fever durations were classified
into six categories:<1 day,1 to<3 days,3 to<5 days,5
to <7 days, 7 to <10 days, and 10 days. A reduced
appetite and reddish urine reported by familymemberswere
recorded. The second part of the record sheets included the
results of physical examinations and subjective results of
clinical consultations, including whether patients had an
injected throat, abnormal respiratory sounds, skin rashes, a
bulging anterior fontanelle, conjunctival and eardrum
redness, or cervical lymphadenopathy. Additionally, the
method for collecting urine was recorded.2.3. Definition of positive urine results
Routine urine examinations included urine dipstick tests
and microscopic examinations in a high-power field (HPF;
400). Pediatricians performed urine culture if either of
the following conditions (urine culture standards) was met
in routine urine tests:
(1) A white blood cell (WBC) count 5/HPF
(2) A urine dipstick result positive for WBC esterase and
nitrite
If either of the following conditions was met, the routine
urine tests were considered positive (definition of pyuria):
(1) A WBC count 10/HPF
(2) A urine dipstick result positive for WBC esterase and
nitrite
Positive urine culture was defined as follows:5e7
(1) Single pathogen with bacterial concentration in urine
obtained through self-urination or a urine collection
bag, 105 colony-forming unit (CFU)/mL.
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collected using a catheter, 104 CFU/mL.
If the urine culture of a patient was positive, the patient
was diagnosed with UTI. Furthermore, if the routine urine
test was positive, but insufficient or no bacteria were
observed in the cultured sample, pyuria alone was
diagnosed.8e11
2.4. Statistical analysis
Logistic regression analyses were performed to analyze the
risk factors for UTI. First, patients with pyuria alone and
UTI were included in the pyuria group and compared with
those without UTI (non-UTI group). Furthermore, after
excluding patients diagnosed with pyuria alone, those
diagnosed with UTI (UTI group) were compared with the
non-UTI group. Univariate logistic regression analysis was
performed to identify the risk factors before performing
multivariate logistic regression analysis.
3. Results
3.1. Descriptive results
Four hundred and ten patients aged between 3 months and
2 years, with an average age of 0.95 years (standard
deviation Z 0.44 years), were included in this study. The
preliminary test results for 114 patients (27.8%) met the
urine culture standards when subjected to urine culture
tests; of these patients, 112 (27.3%) showed positive urine
test results, 48 (11.7%) were diagnosed with pyuria alone,
and 64 (15.6%) were diagnosed with UTI. Baseline patient
characteristics, medical histories, and physical examina-
tion results that could not be included in logistic regression
analysis because of low sample size are shown in Table 1.
No participating male patient was circumcised.
3.2. Bacterial culture results
The results that revealed a mixed bacterial growth, insuf-
ficient bacterial counts, and Staphylococcus species wereTable 1 Basic information data of patients.
No. UTI Pyuria
only
Confirmed
UTI
N (%) 298
(72.68%)
48
(11.7%)
64
(15.6%)
Male/Female 176/122 17/31 27/37
Urine collection method
Self-urination 7 1 2
Urine bag 290 44 53
Urethral catheterization 1 3 9
Defecation >3 times/day 15 1 0
Skin rash 14 0 0
Neck lymphadnopathy 2 0 0
Eardrum redness 3 0 0
UTI Z urinary tract infection.excluded. Some culture results showed only unclassified
Gram-negative bacterium, and those data were also
excluded. Overall, 58 bacterial results were analyzed.
Escherichia coli was the main infectious strain observed in
this group (Table 2).
3.3. Multivariate logistic regression analysis of the
pyuria and non-UTI groups
The univariate analysis results of the pyuria and non-UTI
groups are compared in Table 3. Age, sex, defecation >3
times/day, reddish urine, reduced appetite, and injected
throat were included in the multivariate logistic regression
analysis for comparing both groups. The risk of pyuria in
girls was 2.41-fold greater than that of boys (95% confi-
dence interval [CI]: 1.51e3.86; p < 0.001), and the risk of
pyuria in patients aged <1 year was 3.18-fold greater than
that seen in those aged >1 year (95% CI: 1.80e5.62; p < 0
.001). Furthermore, the risk of pyuria in patients without
injected throat was 2.00-fold greater than that observed in
those with injected throat (95% CI: 1.22e3.28; p < 0.01).
The risk of pyuria in patients defecating 3 times/day was
8.80-fold greater than that of those defecating >3 times/
day (95% CI: 1.07e72.09; p < 0.05). Additionally, the risk of
pyuria in patients exhibiting a reduced appetite was 1.95-
fold that in those with a normal appetite (95% CI:
0.99e3.85; p Z 0.06). A p Z 0.14 was considered signifi-
cant for reddish urine (Table 4).
3.4. Multivariate logistic regression analysis of the
UTI and non-UTI groups
Results of the univariate analysis were compared between
the UTI and non-UTI groups (Table 3). Subsequently, the
variables of age, sex, reduced appetite, and injected throat
were included in the multivariate logistic regression anal-
ysis. The risk of UTI in girls was 2.12-fold that in boys (95%
CI: 1.19e3.77, p < 0.05). The risk of UTI in patients aged
<1 year was 5.05-times that observed in those aged >1 year
(95% CI: 2.36e10.75; p < 0.001). Furthermore, the risk of
UTI in patients with a reduced appetite was 2.06-times that
observed in those with a normal appetite (95% CI:
0.96e4.43; p Z 0.065). Patients not exhibiting injected
throat had a 1.91-fold higher risk of UTI than those exhib-
iting injected throat (95% CI: 1.05e3.47; p < 0.05; Table 4).
Our results indicated that the positive and negative pre-
dictive value of UTI in patients without injected throat
were 85.50% and 26.32%, respectively.Table 2 Urine culture results of patients.
N (%)
Escherichia coli 49 (84.4%)
Enterococcus faecalis 2 (3.4%)
Klebsiella pneumoniae 2 (3.4%)
Proteus mirabilis 2 (3.4%)
Citrobacter koseri 1 (1.7%)
Viridans streptococcus 1 (1.7%)
Pseudomonas aeruginosa 1 (1.7%)
Table 3 Univariate analysis results between pyuria or confirmed UTI group and non-UTI group.
Pyuria vs. no UTI Confirmed UTI vs. no UTI
OR (95% CI) p OR (95% CI) p
One year younger 3.27 (1.88e5.65) <0.001 5.08 (2.42e10.64) <0.001
Female 2.23 (1.13e3.47) <0.001 1.95 (1.13e3.36) 0.02
No injected throat 2.11 (1.32e3.36) 0.002 2.13 (1.19e3.72) 0.01
Reddish urine color 5.48 (0.99e30.36) 0.05 4.81 (0.66-34.78) 0.12
Reduced appetite 1.83 (0.98e3.40) 0.06 2.29 (1.12e4.70) 0.02
Defecation <3 times/day 5.88 (0.77e45.45) 0.09 d d
Fever 39C 1.18 (0.36e1.83) 0.45 1.30 (0.76e2.23) 0.34
Fever 3 days 0.99 (0.4e2.36) 0.98 1.05 (0.53e2.09) 0.88
Family member with cold symptoms 0.78 (0.44e1.37) 0.39 0.62 (0.29e1.31) 0.21
2 family members with cold symptoms 1.19 (0.36e3.94) 0.78 0.51 (0.06e4.12) 0.53
Previous clinic consultation 1.41 (0.82e2.43) 0.22 1.28 (0.82e1.99) 0.27
2 clinic consultations 0.59 (0.24e1.48) 0.26 0.52 (0.15e1.77) 0.29
Vomiting 1.15 (0.43e3.07) 0.78 1.73 (0.60e5.00) 0.31
Coughing 0.99 (0.57e1.71) 0.97 1.10 (0.57e2.11) 0.78
Runny or congested nose 0.82 (0.50e1.37) 0.46 0.74 (0.39e1.42) 0.37
Seizure 0.89 (0.091e8.606) 0.92 1.57 (0.16e15.36) 0.70
Redness around urethral orifice 1.34 (0.45e4.03) 0.60 1.43 (0.38e5.34) 0.60
Abnormal respiratory sounds 0.886 (0.091e8.606) 0.92 1.57 (0.16e15.36) 0.70
Conjunctival redness 0.66 (0.07e5.99) 0.71 1.18 (0.13e10.69) 0.89
Bulging anterior fontanelle 3.64 (0.80e16.53) 0.09 1.17 (0.13e10.69) 0.89
CI Z confidence interval; OR Z odds ratio; UTI Z urinary tract infection.
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The findings of this study were that female sex and the
absence of injected throat were risk factors for UTI, and
that risk of UTI was higher in younger patients. The risk of
pyuria was higher in patients who defecated 3 times/day
than in those who defecated >3 times/day. This study
emphasized not only the medical history of patients but
also the results of physical examinations, highlighting the
importance of clinical consultation by pediatricians.
The results of this study regarding physical examinations
provided the ORs for UTI with respect to injected throat.
Injected throat has often been classified as nonsignificant in
previous studies. This study revealed that the OR of pa-
tients with no injected throat relative to those with
injected throat was w2. Roseola infantum is prevalent in
children aged between 3 months to 2 years, infecting 45% to
75% of children in this age group. A common symptom of
roseola infantum is a high fever for 3 to 5 days accompanied
by nonspecific clinical symptoms.12e14 Furthermore, pedi-
atricians often perform urinary tests during the feverTable 4 Multivariate analysis results between pyuria or confirm
Risk factors Pyuria vs. no UT
OR (95% CI)
Female 2.41 (1.51e3.86)
1 year 3.18 (1.80e5.62)
No injected throat 2.00 (1.22e3.28)
Defecation 3 times/day 8.80 (1.07e72.09)
Poor appetite 1.95 (0.99e3.85)
CI Z confidence interval; OR Z odds ratio; UTI Z urinary tract infecperiod, because they cannot exclude the UTI risk. We
concluded that an absence of injected throat may increase
the OR and help pediatricians distinguish between roseola
infantum and UTI.
In addition to analyzing patients with UTI, we analyzed
patients with pyuria alone (pyuria, but with cultured bac-
terial count not reaching the criterion). Although pre-
liminary urine tests may provide false positive results,
information related to pyuria alone should not be ignored.
The main difference between the pyuria and non-UTI
groups and the UTI and non-UTI groups was that defeca-
tion 3 times/day seemed to be a predictor of pyuria, but
not of UTI.15 In cases of fever and defecation >3 times/day,
gastroenteritis is generally the first diagnosis, and the risk
of pyuria or UTI is considerably reduced. However, in this
study, no patient in the UTI group reported defecation >3
times/day, and logistic regression could not be performed.
Previous studies showed that boys aged <1 year were
more predisposed to UTI. However, in this study, all pa-
tients were equally predisposed to UTI, possibly because, in
boys, UTI primarily occurs before the age of 3 months.ed UTI group and non-UTI group.
I Confirmed UTI vs. no UTI
p OR (95% CI) p
<0.001 2.12 (1.19e3.77) <0.05
<0.001 5.05 (2.36e10.75) <0.01
<0.01 1.91 (1.05e3.47) <0.05
<0.05 d d
0.055 2.06 (0.96-4.43) 0.065
tion.
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UTI primarily occurred in boys and girls aged <3
and <12 months, respectively. The prevalence of UTI
among febrile boys and girls aged <3 months were 8.7% and
7.5%, respectively. Furthermore, the prevalence of UTI
among boys and girls aged 3 to 6 months were 3.3% and
5.7%, respectively, and among boys and girls aged 6 months
to 1 year, they were 1.7% and 8.3%, respectively. These
results agree with our report.
A British study investigated urine samples of pediatric
patients and set a urine WBC count >10/HPF as deter-
mining UTI. The study revealed that for patients aged
<2 years, the false positive and negative rates were
approximately 2.3% and 65%, respectively. Using the cri-
terion of a urine WBC count >5/HPF, the false positive and
negative rates were 53.7% and 12.5%, respectively.17 In
this study, we used the criterion of a urine WBC count
>10/HPF for diagnosing pyuria. Pediatricians also per-
formed urine culture tests when the WBC count was >5/
HPF to reduce the false negative rate. Routine urine tests
for two patients revealed a WBC count between 5/HPF and
10/HPF. However, their urine culture results were nega-
tive; therefore, these patients were considered as non-UTI
patients. Williams et al18 reported that if both WBC
esterase and nitrite urine dipstick tests were conducted
for determining whether the overall urinary test results
were positive, then children aged <2 years would exhibit
false positive and negative rates of 12% and 25%,
respectively.18e21 In our study, we assessed urine samples
of patients with a WBC of >5/HPF in addition to WBC
esterase and nitrite dipstick tests; therefore, the false
negative rate was lower than that reported in the afore-
mentioned studies.
Numerous studies reported that a history of UTI is a risk
factor for UTI. However, this study reached a contradictory
conclusion, possibly because the family members or doctors
were excessively concerned about the UTI risk in patients
with a UTI history and, therefore, performed redundant
urine tests when the patients had a fever. If doctors
frequently perform a urine test and generate multiple
normal test results, the excessive negative test results can
reverse possible significant results into nonsignificant ones;
this effect is called the reverse confounding effect. Simi-
larly, previous retrospective studies showed that a fever of
>39C and a prolonged fever duration are predictors of UTI.
However, the current study revealed no significant results
for these factors, possibly because of the reverse con-
founding effect. Furthermore, this study provided actual
clinical information. The clinical risk factors for UTI may
include a fever, prolonged fever duration, and history of
UTI. However, a fever in the age group examined is often
caused by other sources. Therefore, determining whether a
urinary test is required based on the medical history alone
is inadequate, and physical examinations should also be
conducted.
This study had the following limitations. The record
chart did not document all details regarding medical his-
tories and physical examinations. A second physician
opinion was not provided in this study for one identical case
to confirm the diagnosis of the first physician, resulting in
random misclassification, which led us to report conserva-
tive conclusions. In brief, the ORs for the identified riskfactors may be higher than those revealed in this study.
Moreover, we did not perform urine culture tests if the
results of preliminary urinary tests did not meet the urine
culture standards, but these patients might still have had
UTI.
In conclusion, among febrile patients aged between
3 months and 2 years, young age, female sex, and the
absence of injected throat were predictors of UTI. The
results of this study partially reconfirmed that febrile
children without other symptoms and signs are predisposed
to UTI. These results could increase the awareness of pe-
diatricians about the diagnostic value associated with spe-
cific medical records and physical examination results.
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